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Description
TECHNICAL FIELD

[0001] The presentinvention generally relates to wireless or cellular communication and more particularly to advanced
resource scheduling.

BACKGROUND

[0002] The use of adaptive or smart antennas is considered as one of the key features for increasing coverage and
capacity of a wireless or cellular system. When beamforming is applied in the base station several narrow beams,
compared to the sector/cell beam, may be created to maintain coverage in the cell. Fig. 1A illustrates a sector cell
antenna beam. Although a sector antenna is useful to communicate broadcast and/or control information to all mobiles
in the sector cell, an adaptive antenna may be used to transmit and receive in narrow beams covering just a part of the
sector cell. Fig. 1B shows an example of a narrow antenna beam. Fig. 2 illustrates an example of a cellular network with
a base station transmitting a sector beam, a base station transmitting one of the possible beams in a multi-beam system,
and a base station transmitting a steerable beam. Some benefits of adaptive antennas are shown in Fig. 3, where a
narrow beam of the adaptive antenna may be directed to an intended mobile and therefore spreads less interference in
the download direction. The narrow beam also suppresses spatial interference from adjacent cell interferers in the uplink
direction. Both factors increase the signal-to-interference gain, and therefore increase the overall system performance.
[0003] HSDPA (High Speed Data Packet Access) is another important feature that enables improvements in capacity
and end-user perception by means of efficient sharing of common resources in the cell among many users, rapid
adaptation of the transmission parameters to the instantaneous radio channel conditions, increased peak bit rates and
reduced delays.

[0004] Fast scheduling is the mechanism selecting which users to transmit to in a given transmission time interval
(TTI). The scheduler is a key element in the design of a HSDPA system as it controls the allocation of the shared
resources among the users and to a great extent determines the overall behavior of the system. In fact, the scheduler
decides which users to serve and, in close cooperation with the link adaptation mechanism, which modulation, power
and how many codes should be used for each user. This produces the actual end-users bit rate and system capacity.
[0005] In order to improve the system capacity in terms of total cell throughput, the scheduling algorithm normally
bases its decision primarily on the channel conditions experienced by the user equipment (UE); however, it can be
designed in a flexible way so as to consider other aspects such as the fairness from a time resource perspective or the
average bit rate.

[0006] Ina WCDMA HSDPA system, a channel quality indication (CQl) is reported by the UE and used for scheduling
and link adaptation. Since the CQl is strictly connected to the quality of a common pilot signal, it is strongly affected by
the interference levels.

[0007] The fast scheduler, normally located in the radio base station (RBS), targets which users to serve in each TTI
and distributes the available channelization codes and power resources among the selected users. In case code mul-
tiplexing is applied, more than one user can be served in the same TTI by using distinct parts of the set of channelization
codes allocated for the HSDPA related channels. Several scheduling algorithms that can be used to enforce specific
strategies in terms of trade-off between system capacity and user fairness are available in the literature. The most
common algorithms are described below.

[0008] The round robin (RR) algorithm allocates radio resources to the users on a sequential basis and it does not
base its decision on the instantaneous radio channel conditions experienced by the connection. The system performance
is not maximized even though a certain degree of fairness is obtained in terms of access to the radio resources.
[0009] The proportional fairness (PF) scheduler better exploits the channel conditions and ensures that all users
receive a guaranteed minimum throughput, providing fairness among users together with system performance improve-
ment. The scheduler transmits information to some users based on CQl information, delay and other measurements.
[0010] The maximum C/I algorithm bases the user selection solely on the CQIl information reported by the UE.
[0011] The CQlreportin WCDMA multi-beam antenna system is based on the quality of the Secondary Common Pilot
Channel (S-CPICH).

[0012] However, existing solutions do not enable the system to benefit from the capacity/coverage gains promised by
narrow beam/adaptive antenna techniques.

[0013] EP 1615457 A1 describes scheduling of mobile stations based on beam forming criteria such as balanced
beam assignment and maintaining of a desired angular difference criteria between mobile stations scheduled at different
times.

[0014] EP 1641188 A1describesschedulingofusersinawireless communication network where one or more additional
users of a group may be selected, to be simultaneously scheduled with a first user of the group that has already been
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scheduled. The selection of the one or more users may be made based on spatial information of the users in the group.
[0015] EP 0837523 A2 describes an adaptive multi beam antenna where a weight of each antenna beam is controlled
corresponding to the detected communication amount and thereby the pattern of each antenna beam is controlled. Thus,
the communication amounts of individual beams can be flexibly well-balanced.

SUMMARY

[0016] The presentinvention provides a method for multi-user resource scheduling according to claim 1 and a corre-
sponding arrangement according to claim 9.

[0017] It is a general object of the present invention to improve scheduling for cellular communication using multi-
beam antenna systems.

[0018] It is an object to improve the possibility to secure and achieve the system capacity/coverage gains promised
by narrow beam/adaptive antenna techniques, and efficiently explore the available radio resources.

[0019] It has been recognized that a problem of a scheduling algorithm applied in a multi-beam antenna system is
how to manage the interference variations. For example, existing solutions do not enable the system to benefit from the
spatial interference filtering provided by the narrow beams and are not designed to avoid large interference variations
caused by sudden changes in the transmission power of different narrow beams. This may lead to incorrect detection
of the received data at the user equipment side, a lot of retransmissions and, in the end, inefficient exploration of the
available radio resources.

[0020] The present invention addresses this and similar/associated problems, and proposes an advanced Resource
Scheduling Mechanism for Multi-beam Antenna Systems based on beam power balancing. The invention is generally
applicable to resource scheduling, but particularly useful in HSDPA systems with narrow beam capabilities.

[0021] A basic idea of the invention is to provide multi-user resource scheduling and distribution based on balancing
the power resources used for the different narrow beams in order to smooth the interference levels over the whole cell
area and to reduce interference fluctuations. The resource scheduling principle according to the invention is especially
useful when the available resources are not fully utilized. The idea is to select, for each antenna beam of at least a
subset of the antenna beams, at least two mobile users for service using the respective antenna beam during a trans-
mission time interval, and to distribute power resources to the antenna beams for use during the transmission time
interval based on balancing the power resources among different antenna.

[0022] When there are no active mobile users in a given beam, and where the narrow antenna beams are partially
overlapping, the distribution of power resources to the antenna beams comprises allocating more power resources to
antenna beams that are direct neighbors of the given antenna beam than to more distant antenna beams to balance
the power resource distribution over the whole area covered by the cell.

[0023] It should be understood that the beam balancing condition is intended for use as a guideline when distributing
power resources to the different antenna beams.

[0024] In general, a benefit of the beam balancing principle in multi-user resource scheduling is that for example CQl
measurement reports from the UEs in the coverage area of the cell will be more reliable, and will provide a good basis
for fast scheduling and fast link adaptation. In addition, the spatial filtering provided by the narrow beams reduces the
absolute levels of interference generated within the cell, leading to substantially improved throughput rates as well as
individual peak rates both in the specific cell as well for the neighboring cells.

[0025] Other advantages offered by the invention will be appreciated when reading the below description of embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
Fig. 1A illustrates a sector cell antenna beam.
Fig. 1B shows an example of a narrow antenna beam.

Fig. 2 illustrates an example of a cellular network with a base station transmitting a sector beam, a base station
transmitting one of the possible beams in a multi-beam system, and a base station transmitting a steerable beam.

Fig. 3 illustrates how a narrow beam of an adaptive antenna may be directed to an intended mobile and therefore
spreads less interference in the download or downlink direction.

Fig. 4 is a schematic flow diagram illustrating a preferred exemplary embodiment of the invention.
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Fig. 5 is a schematic diagram illustrating an example of a multiple antenna beam transmission in a transmission
time interval.

Fig. 6 is a schematic diagram illustrating a radio base station responsible for a cell split into four narrow beams and
seven users to be served in a certain transmission time interval.

Fig. 7 illustrates relevant rudimentary portions of a radio base station (RBS) according to an exemplary embodiment
of the invention.

DESCRIPTION OF EMBODIMENTS

[0027] For a better understanding of the invention, it may be useful to begin with a brief overview and analysis of the
prior art techniques.

[0028] As mentioned, the inventors have recognized that a primary problem of a scheduling algorithm for a multi-beam
antenna system is how to manage the interference variations. The existing conventional solutions do not enable the
system to benefit from the spatial interference filtering provided by the narrow beams and are typically not designed to
avoid large interference variations caused by sudden changes in the transmission power of different narrow beams. In
case that happens, the CQI used for the scheduling and link adaptation decisions may not reflect the actual interference
level when the user is actually scheduled, leading to incorrect detection of the received data at the user equipment side,
a lot of retransmissions and, in the end, inefficient handling and poor utilization of the available radio resources.
[0029] The unbalanced transmission in the different beams also increases the momentary interference peaks towards
neighboring cells and affects their performance.

[0030] More specifically, the interference levels depend on several factors such as: the position within the cell, the
fast fading, the instantaneous transmission activity of neighbor cells and, in case of a time-dispersive channel, the
transmission activity of the own cell. The instantaneous own cell interference can be significant in case of application of
beamforming, as a large amount of the RBS power can be steered towards a specific narrow beam. In that case, the
CQl reported by the UEs in that beam will degrade compared with a situation where the power is more balanced among
different beams. Another important issue is that the scheduling and link adaptation must rely on "reliable" CQIl from the
UEs. This might not occur if there are sudden interference level variations due to the fact that all the RBS power is
transmitted in one beam during a certain TTI and in another beam in the next TTI. Unreliable CQlI reports imply incorrect
scheduling and link adaptation decisions which in turn result in a lower capacity, and under-utilization of available
resources if a channel is believed to be worse than is really the case.

[0031] US Patent Application US 2006/0067269 published on March 30, 2006 relates to a method of scheduling users
in wireless communication networks, where the selection of additional users of a group within a sector of a cell, to be
simultaneously scheduled with already scheduled user(s) of the same group, may be based on spatial information of
the users in the group. The spatial information for each user within a sector of a cell includes an incidence angle of arrival
of a transmission signal to the user with respect to a 0° sector border.

[0032] The US 2006/0067269 Patent Application mainly concerns the so-called code limitation problem.

[0033] US Patent Application US 2005/0064872 published on March 24, 2005 concerns reducing shared downlink
radio channel interference by transmitting to multiple mobiles using multiple antenna beams. Multiple mobiles are selected
to receive transmissions over the shared radio channel during a predetermined transmission time interval. The scheduler
selects one mobile per each antenna beam. The scheduler also monitors the available channel resources, and employs
some type of resource allocation method for allocating resources for each antenna beam transmission for each trans-
mission time interval. The radio resources are divided evenly between the selected mobile radios, or alternatively divided
in proportion to each mobile’s reported channel quality.

[0034] Although US Patent Application US 2005/0064872 provides a quite satisfactory solution there is still room for
improvement as will be explained below.

[0035] The present invention addresses this and similar/associated problems, and proposes an advanced Resource
Scheduling Mechanism for Multi-beam Antenna Systems based on beam power balancing. This mechanism is preferably
implemented as a method and a corresponding arrangement or system. A basic concept of the present invention is to
balance the power resource used for the different narrow beams (preferably in every TTI) in order to smooth the inter-
ference levels over the whole area covered by the cell and to reduce interference fluctuations. Reference can be made
to the schematic flow diagram of Fig. 4.

[0036] The proposed multi-user resource scheduling mechanism is based on the general principle of selecting multiple
mobile users to be scheduled for service using multiple narrow antenna beams during a predetermined transmission
time interval, in similarity to co-pending US Patent Application US 2005/0064872 mentioned above. However, here the
idea is to select, for each antenna beam of at least a subset of the antenna beams of the radio base station, multiple
(i.e. at least two) mobile users for service using the respective antenna beam during a transmission time interval (S1),
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rather than a single user per beam. If there are available resources, the idea according to the invention is normally to
allocate multiple mobile users per beam (at least for a subset of the beams). Furthermore, in accordance with the
invention, the power resources are distributed to the antenna beams for use during the considered transmission time
interval based on balancing the power resources among different antenna beams (S2), rather than distributing the power
evenly among the users.

[0037] Understanding that the beam balancing principle is normally used as a guideline, the mobile users served by
a cell may for example be scheduled so that the number of users or the corresponding total transmitted power is "evenly"
or "homogeneously" distributed among/over the different narrow beams of the cell to provide a more homogeneous or
"spatially white" interference situation.

[0038] With multiple scheduled users per beam (for at least a number of the beams) per TTI, it is often better to
distribute the power resources based on balancing the power resources among the beams, rather than distributing the
power evenly among the users, as can be understood from the following illustrative example.

[0039] For a better understanding of the invention it may be useful to consider an illustrative example with reference
to the schematic diagram of Fig. 5. Consider five different narrow beams B1, B2, B3, B4 and B5, with eight users u1-u8
scheduled for service during a transmission time interval. In this particular example, two users (u1, u2) are scheduled
in B1, one user (u3) in B2, two users (u4, u5) in B3, one user (U6) in B4 and two users (u7, u8) in B5.

[0040] If the power resources would be distributed evenly among the eight users, each user would be allocated 12.5%
of the total available power. In effect, this would mean that B1 (having two users) is assigned 25%, B2 (with only one
user) is assigned 12.5%, B3 (two users) is assigned 25%, B4 (one user) is assigned 12.5% and B5 (two users) is
assigned 25% of the power resources. As can be seen there is a quite significant difference between the different beams.
B1, B3 and B5 have twice the power of B2 and B4.

[0041] However, by using the principle of beam balancing the guideline will be to assign 20% of the power resources
to each beam. In practice, this may for example turn into something like 21.4% to B1, 18.7% to B2, 20.2% to B3 and
21.8% to B4, and 17.9% to B5, which results in a much more balanced and smoothed interference situation in the entire
cell.

[0042] For comparison, it should be understood that with the scheme proposed according to US Patent Application
US 2005/0064872 only five of the eight mobile users are selected to receive transmissions during a transmission time
interval; one mobile per beam.

[0043] Normally, the invention aims at balancing the power resources within any given transmission time interval.
Alternatively, however, the invention aims at balancing the power resources averaged over a period of several trans-
mission time intervals.

[0044] The invention can also be adapted to handle situations when there are no active users in one or more beams,
while still adhering to the overall principle of beam balancing. For example, if there are no active mobile users in a given
beam, more power resources can be allocated to antenna beams that are direct neighbors of the given antenna beam
than to more distant antenna beams to balance or smooth the power resource distribution over the whole intended
coverage area of the cell. Due to the normal beam overlap, the increased power in the neighboring "active" beams will
"spill over" to the "inactive" beam and provide the desired smoothing.

[0045] Consider a small modification of the above example, assuming that there are no active users at all in B2,
meaning that user u3 is not active during a given period of time. Then it may in fact be desirable to increase, at least for
the given period of time when user u3 is inactive, the power resources in B1 and B3, for example to 30% of the power
resources, resulting in an exemplary beam balancing guideline of 30% to B1, 30% to B3 and 20% to B4, and 20% to
B5, assuming that B1 and B3 would "spill over" power to the "inactive" beam B2. Overall, considering the intended
coverage area of the entire cell, this may result in a more smoothed and balanced interference situation, rather than
giving 25% to each of the "active" beams B1, B3, B4, and B5.

[0046] In general, a benefit of the beam balancing principle in multi-user resource scheduling is that the CQl meas-
urement reports from the UEs in the coverage area of the cell will be more reliable, and will provide a good basis for fast
scheduling and fast link adaptation. In addition, the spatial filtering provided by the narrow beams reduces the absolute
levels of interference generated within the cell, so the UEs will report higher CQlIs (on average) and will achieve higher
bit rates. Finally, by performing beam balancing within one or more cells, the interference patterns towards neighboring
cells may also be smoothed, potentially leading to better performance for those cells as well.

[0047] The invention is generally applicable to resource scheduling, but particularly useful in HSDPA systems with
narrow beam capabilities:

[0048] Inapreferred exemplary embodimentof the invention, the selection of usersin the overall schedulingmechanism
works based on a ranking list of mobile users in a cell, while at the same time keeping track of spatial information
represented by the narrow antenna beam in which each mobile user is located. Preferably, the selection procedure
starts by selecting a best ranked mobile user from the ranking list for service by a given narrow antenna beam. Then
the ranking list is traversed to select the following users not only by looking at the position in the ranking list but also by
considering the spatial information so that a next user down in the list is located in another narrow antenna beam different
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from that of previously selected user(s) higher up in the ranking list. Once the end of the list is encountered the selection
procedure starts over from the top of the list to select further mobile users, preferably until all considered users have
been selected and/or the available power resources have been allocated.

[0049] The proposed advanced solution can for example be applied on top of one of the existing basic solutions (e.g.
RR, PF, max C/l). It is for example assumed that the basic algorithms select the users to be scheduled in each TTI by
picking the best ranked users in a per-cell priority list (obtained according to a certain scheduling function). However,
the advanced solution of the invention also considers the "spatial" information, i.e. which beam the UE is located in, and
aims at "balancing" (at least approximately) the power resources used in each beam in order to even out the interference
levels in the cell.

[0050] The proposed solution can be illustrated with another example, considering the simple scenario outlined in Fig.
6; a single cell split in four narrow beams and seven users to be served in a certain TTI. Reference can also be made
to Fig. 7, which illustrates the relevant rudimentary portions of an arrangement in a radio base station (RBS) according
to an exemplary embodiment of the invention. In this example, the radio base station 100 basically comprises a scheduler
10 and associated data bases 20, and standard multi-beam transceiver functionality 30 with associated data buffers
(not shown). Alternatively, the proposed scheduler may be implemented in another network node such as the radio
network controller (RNC) or distributed between several nodes such as the RNC and RBS nodes.

[0051] The advanced scheduling algorithm creates a ranking list 22 (according to a certain function, e.g. based on
CQl or equivalent quality indication) and also keeps track (in a separate record 24 or integrated with the ranking list 22)
of the spatial information represented by the narrow beam in which the user equipment (UE) is located. This information
is made available to the scheduler 10, e.g. by keeping track on which S-CPICH (or equivalent the cell-portion in 3GPP
NodeB nomenclature) that the specific UE is associated to at channel assignment and activation by the radio network
controller (RNC).

[0052] Table 1 below illustrates an example of a ranking list table including spatial information for the simple scenario
exemplified in Fig. 6.

User Equipment | Beam/Cell portion/S-CPICH Index
UE5 1
UE3 1
UB1 2
UE4 4
UE6 4
UE2 3
UE7 2

[0053] The scheduling procedure executing in the scheduler selects the next users not only by looking at the position
in the ranking list but also by considering the spatial information. A basic exemplary balancing criterion is to equalize as
much as possible the number of users served in each beam.

[0054] The balancing criteria can be further enhanced by considering the expected total transmitted power in each
beam rather than the number of users served in each beam. This enhancement ensures a direct control over the
interference generated in each beam even if it requires more information, such as measurements of the total power per
beam.

[0055] Referring to Fig. 6 and Table I, the scheduler may first select the UE at the top of the list (UES) and the RBS
then assigns the power and channelization code resources to be used. However, instead of selecting UE3, the next
users selected by the scheduler after UE5 could for example be: UE1, UE4, and UE2.

[0056] In other words, an exemplary procedure could start by selecting the best (e.g. with the best CQlI) ranked user
of all considered users. This user is located in a specific cell portion #1 (served by a corresponding narrow beam) as
identified by the spatial information (e.g. S-CPICH). Instead of simply selecting the second bestranked user, the scheduler
finds the best user which is located in another cell portion. The scheduler goes down the ranking list to find the next cell
portion #2 and selects the user equipment UE1 at that position in the list. The procedure continues by traversing the list
towards lowerrankings to find the next cell portion #4 and selecting the corresponding user equipment UE4. Subsequently,
the next cell portion is #3 and the corresponding user equipment is UE2. The scheduler can now start over and then
finds UE3 in cell portion #1, UEG6 in cell portion #4 and UE7 in cell portion #2.

[0057] The basic "rule" can be broken in case there are no users and/or radio resources left in one particular beam
but still there are radio resources and users to be served in other beams. In that case the advanced algorithm may
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continue to balance the resources among the remaining beams. In the example of Fig. 6, there are no users left in the
third beam; however, as explained, the algorithm continues to balance the resources among the other beams and selects
UES3, UE6, and UE7.

[0058] An advantage with the proposed solution is that the interference in the system will be more predictable and
hence the validity of the reported CQI will increase. When using the scheduling principle disclosed here, the interference
seen from other cells will typically appear "whiter" in the spatial domain. This will then be reflected in the CQI measurement
where the fluctuations (due to interference) will be much smaller. This will reduce the number of re-transmissions needed
since the validity of a received CQlI will be longer. This will in a multi-user scheduling scenario, as a consequence, result
(with large probability) in a substantially improved throughput rate as well as individual peak rates both in the specific
cell as well for the neighboring cells.

[0059] In addition, one or more of the users may have different services (with different priority levels and/or data rate
requirements) such as (IP) voice service, e-mail service and/or some form of more advanced media service that are
scheduled, for each considered user, according to priority and/or data rate requirements, while still adhering to the overall
principle of beam balancing. In other words, the various services are preferably scheduled over time based on the overall
principle of balancing the power resources among different antenna beams while efficiently utilizing the available re-
sources. Depending on the available resources, the number and/or types of services that are scheduled for the user(s)
based on the beam balancing principle may thus vary over time. One or more users may have to temporarily pause low
priority services in order to allow activation of more important services or more advanced media services for the same
or other users. This also means that several mobile users with low data rate services may be scheduled to a particular
beam, whereas only a single user with a more advanced service may be scheduled to another beam.

[0060] For the interested reader, basic information on HSDPA can be found in the relevant 3GPP specifications, and
on pages 69-92 in the Ph.D. Thesis "Packet Scheduling and Quality of Service in HSDPA" by P. José and A. Gutiérrez,
October 2003.

[0061] The embodiments described above are merely given as examples, and it should be understood that the present
invention is not limited thereto. Further modifications, changes and improvements which retain the basic underlying
principles disclosed herein are within the scope of the invention, as defined by the appended claims.

Claims

1. A method for multi-user resource scheduling in a radio communication system comprising a radio base station,
RBS, with narrow beam capabilities and a radio network controller, RNC, wherein said method is based on selecting
multiple mobile users to be scheduled for service using multiple narrow antenna beams during a predetermined
transmission time interval, and wherein said method comprises the following steps executed in the RBS or in the
RNC or in a distributed way between the RBS and the RNC:

selecting (S1), for each antenna beam of at least a subset of said multiple antenna beams, at least two mobile
users for service using the respective antenna beam during said transmission time interval; and

distributing (S2) power resources to the antenna beams for use during said transmission time interval based
on balancing the power resources among different antenna beams,

wherein said narrow antenna beams are partially overlapping, and the method being characterized in that
said step of distributing power resources to the antenna beams comprises the step of allocating, when there
are no active mobile users in a given beam, more power resources to antenna beams that are direct neighbors
of the given antenna beam than to more distant antenna beams to balance the power resource distribution over
the whole area covered by the cell.

2. The method of claim 1, wherein said step of distributing power resources to the antenna beams aims at balancing
the power resources within said transmission time interval among different antenna beams.

3. The method of claim 1, wherein said step of distributing power resources to the antenna beams aims at balancing
the power resources averaged over a period of several transmission time intervals among different antenna beams.

4. The method of claim 1, wherein the power resources are distributed among the different antenna beams in order
to smooth the interference levels over the whole area covered by the cell and to reduce interference fluctuations.

5. The method of claim 1, wherein said step of selecting comprises the steps of providing a ranking list of mobile users
in a cell and at the same time keeping track of spatial information represented by the narrow antenna beam in which
each mobile user is located.
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The method of claim 1, wherein said selecting step comprises the steps of selecting a best ranked mobile user from
the ranking list for service by a given narrow antenna beam, and then traversing the ranking list to select the following
users not only by looking at the position in the ranking list but also by considering the spatial information so that a
next user down in the list is located in another narrow antenna beam different from that of previously selected user(s)
higher up in the ranking list, and once the end of the list is encountered the selection procedure starts over at least
one time from the top of the list to select further mobile users.

The method of claim 1, wherein said steps of selecting and distributing are performed for each transmission time
interval.

The method of claim 1, wherein at least one user is associated with a number of different services, and these services
are scheduled based on balancing the power resources among different antenna beams such that the number
and/or types of services that are scheduled for said at least one user vary over time in dependence on the available
resources.

An arrangement for use in a cellular radio communication system comprising a radio base station, RBS, and a radio
network controller, RNC, said arrangement having means (10, 20, 30) for generating multiple antenna beams as-
sociated with a communication cell, each beam covering only a portion of the cell, and means for selecting multiple
mobile users to be scheduled for service using multiple antenna beams during a predetermined transmission time
interval,

comprising, in the RBS or in the RNC or distributed between the RBS and the RNC:

means for selecting, for each antenna beam of at least a subset of said multiple antenna beams, at least two
mobile users for service using the respective antenna beam during said transmission time interval; and
means for distributing power resources to the antenna beams for use during said transmission time interval
based on balancing the power resources among different antenna beams,

wherein said narrow antenna beams are partially overlapping, and the arrangement being characterized in
that said means for distributing power resources to the antenna beams comprises means for allocating, when
there are no active mobile users in a given beam, more power resources to antenna beams that are direct
neighbors of the given antenna beam than to more distant antenna beams to balance the power resource
distribution over the whole area covered by the cell.

The arrangement of claim 9, wherein said means for distributing power resources to the antenna beams is operable
for balancing the power resources within said transmission time interval among different antenna beams.

The arrangement of claim 9, wherein said means for distributing power resources to the antenna beams is operable
for balancing the power resources averaged over a period of several transmission time intervals among different
antenna beams.

The arrangement of claim 9, wherein said means for selecting comprises means for providing a ranking list of mobile
users in a cell and for keeping track of spatial information represented by the narrow antenna beam in which each
mobile user is located.

The arrangement of claim 9, wherein said means for selecting is operable for selecting a best ranked mobile user
from the ranking list for service by a given narrow antenna beam, and traversing the ranking list to select the following
users not only by looking at the position in the ranking list but also by considering the spatial information so that a
next user down in the list is located in another narrow antenna beam different from that of previously selected user(s)
higher up in the ranking list, and once the end of the list is encountered starting the selection procedure over at least
one time from the top of the list to select further mobile users.

The arrangement of claim 9, wherein said arrangement is implemented in at least one network node of said radio
communication system.

The arrangement of claim 14, wherein said at least one network node includes a radio base station.
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Patentanspriiche

1.

Verfahren zur Mehrbenutzer-Ressourcenplanung in einem Funkkommunikationssystem, das eine Funkbasisstation
RBS mit Schmalstrahlfahigkeiten und ein Funknetz-Steuergerat RNC umfasst, wobei das Verfahren auf dem Aus-
wahlen mehrerer mobiler, fir einen Dienst unter Verwendung mehrerer schmaler Antennenstrahlen zu planender
Benutzer wahrend eines vorbestimmten Ubertragungszeitraums beruht und wobei das Verfahren die folgenden, in
der RBS oder in dem RNC oder auf eine verteilte Weise zwischen der RBS und dem RNC ausgefiihrten Schritte
umfasst:

das Auswahlen (S1), fur jeden Antennenstrahl wenigstens einer Untermenge der mehreren Antennenstrahlen,
wenigstens zweier mobiler Benutzer fiir einen Dienst unter Verwendung des jeweiligen Antennenstrahls wahrend
des Ubertragungszeitraums und

das Verteilen (S2) von Leistungsressourcen an die Antennenstrahlen zur Verwendung wéhrend des Ubertra-
gungszeitraums auf der Grundlage des Ausgleichens der Leistungsressourcen unter unterschiedlichen Anten-
nenstrahlen,

wobei die schmalen Antennenstrahlen einander teilweise Uberlappen und das Verfahren dadurch gekenn-
zeichnet ist, dass der Schritt des Verteilens der Leistungsressourcen an die Antennenstrahlen den Schritt des
Zuweisens, wenn es keine aktiven mobilen Benutzer in einem gegebenen Strahl gibt, von mehr Leistungsres-
sourcen an Antennenstrahlen umfasst, die unmittelbare Nachbarn des gegebenen Antennenstrahls sind, als
an entferntere Antennenstrahlen, um die Leistungsressourcenverteilung tiber den gesamten durch die Zelle
abgedeckten Bereich auszugleichen.

Verfahren nach Anspruch 1, wobei der Schritt des Verteilens der Leistungsressourcen an die Antennenstrahlen
darauf zielt, die Leistungsressourcen innerhalb des Ubertragungszeitraums unter unterschiedlichen Antennenstrah-
len auszugleichen.

Verfahren nach Anspruch 1, wobei der Schritt des Verteilens der Leistungsressourcen an die Antennenstrahlen
darauf zielt, die Leistungsressourcen, gemittelt iber eine Periode mehrerer Ubertragungszeitrdume, unter unter-
schiedlichen Antennenstrahlen aufzuteilen.

Verfahren nach Anspruch 1, wobei die Leistungsressourcen unter den unterschiedlichen Antennenstrahlen aufgeteilt
werden, um die Interferenzniveaus Uber den gesamten durch die Zelle abgedeckten Bereich zu glatten und um
Interferenzschwankungen zu verringern.

Verfahren nach Anspruch 1, wobei der Schritt des Auswahlens den Schritt des Bereitstellens einer Rangliste mobiler
Benutzer in einer Zelle umfasst und zur gleichen Zeit den Schritt des Nachverfolgens der rdumlichen Informationen,
die durch den schmalen Antennenstrahl dargestellt werden, in dem sich jeder mobile Benutzer befindet.

Verfahren nach Anspruch 1, wobei der Auswahlschritt die Schritte des Auswahlens des hdchstrangigen mobilen
Benutzers aus der Rangliste fiir einen Dienst durch einen gegebenen schmalen Antennenstrahl und danach des
Durchgehens der Rangliste, um die folgenden Benutzer auszuwahlen, umfasst, indem auBer der Position in der
Rangliste ebenfalls die raumlichen Informationen berticksichtigt werden, so dass sich ein ndchster Benutzer unten
in der Liste in einem anderen schmalen Antennenstrahl befindet, der sich von demjenigen (eines) zuvor ausgewahl-
ter/ausgewahlten Benutzer(s) weiter oben in der Rangliste unterscheidet, und sobald das Ende der Liste erreicht
ist, das Auswahlverfahren wenigstens einmal neu vom Kopf der Liste beginnt, um weitere mobile Benutzer auszu-
wahlen.

Verfahren nach Anspruch 1, wobei die Schritte des Auswahlens und des Verteilens fiir jeden Ubertragungszeitraum
durchgefihrt werden.

Verfahren nach Anspruch 1, wobei wenigstens ein Benutzer mit einer Anzahl von unterschiedlichen Diensten ver-
knUpft ist und diese Dienste auf der Grundlage des Ausgleichens der Leistungsressourcen unter unterschiedlichen
Antennenstrahlen geplant werden, derart, dass sich die Anzahl und/oder Arten der Dienste, die flir den wenigstens
einen Benutzer geplant werden, in Abhangigkeit von den verfiigbaren Ressourcen uber die Zeit &ndern.

Anordnung zur Verwendung in einem zellularen Funkkommunikationssystem, das eine Funkbasisstation RBS und
ein Funknetz-Steuergerat RNC umfasst, wobei die Anordnung Mittel (10, 20, 30) zum Erzeugen mehrerer mit einer
Kommunikationszelle verknlpfter Antennenstrahlen umfasst, wobei jeder Strahl nur einen Abschnitt der Zelle ab-
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deckt, und Mittel zum Auswahlen mehrerer mobiler, fiir einen Dienst unter Verwendung mehrerer Antennenstrahlen
zu planender Benutzer wahrend eines vorbestimmten Ubertragungszeitraums,
umfassend, in der RBS oder in dem RNC oder zwischen der RBS und dem RNC verteilt:

Mittel zum Auswahlen, fiir jeden Antennenstrahl wenigstens einer Untermenge der mehreren Antennenstrahlen,
wenigstens zweier mobiler Benutzer fir einen Dienst unter Verwendung des jeweiligen Antennenstrahls wahrend
des Ubertragungszeitraums und

Mittel zum Verteilen von Leistungsressourcen an die Antennenstrahlen zur Verwendung wéhrend des Ubertra-
gungszeitraums auf der Grundlage des Ausgleichens der Leistungsressourcen unter unterschiedlichen Anten-
nenstrahlen,

wobei die schmalen Antennenstrahlen einander teilweise tberlappen und die Anordnung dadurch gekenn-
zeichnet ist, dass die Mittel zum Verteilen der Leistungsressourcen an die Antennenstrahlen Mittel zum Zu-
weisen, wenn es keine aktiven mobilen Benutzer in einem gegebenen Strahl gibt, von mehr Leistungsressourcen
an Antennenstrahlen umfasst, die unmittelbare Nachbarn des gegebenen Antennenstrahls sind, als an entfern-
tere Antennenstrahlen, um die Leistungsressourcenverteilung tiber den gesamten durch die Zelle abgedeckten
Bereich auszugleichen.

Anordnung nach Anspruch 9, wobei die Mittel zum Verteilen der Leistungsressourcen an die Antennenstrahlen
funktionsfahig sind, um die Leistungsressourcen innerhalb des Ubertragungszeitraums unter unterschiedlichen
Antennenstrahlen auszugleichen.

Anordnung nach Anspruch 9, wobei die Mittel zum Verteilen der Leistungsressourcen an die Antennenstrahlen
funktionsfahig sind, um die Leistungsressourcen gemittelt (iber eine Periode mehrerer Ubertragungszeitrdume unter
unterschiedlichen Antennenstrahlen aufzuteilen.

Anordnung nach Anspruch 9, wobei die Mittel zum Auswahlen Mittel zum Bereitstellen einer Rangliste mobiler
Benutzer in einer Zelle und zum Nachverfolgen der raumlichen Informationen umfassen, die durch den schmalen
Antennenstrahl, in dem sich jeder mobile Benutzer befindet, dargestellt werden.

Anordnung nach Anspruch 9, wobei die Mittel zum Auswahlen funktionsféhig sind zum Auswahlen des hdchstran-
gigen mobilen Benutzers aus der Rangliste fir einen Dienst durch einen gegebenen schmalen Antennenstrahl und
zum Durchgehen der Rangliste, um die folgenden Benutzer auszuwahlen, indem aufler der Position in der Rangliste
ebenfalls die rdumlichen Informationen beriicksichtigt werden" so dass sich ein nachster Benutzer untenin der Liste
in einem anderen schmalen Antennenstrahl befindet, der sich von demjenigen (eines) zuvor ausgewahlter/ausge-
wahlten Benutzer(s) weiter oben in der Rangliste unterscheidet, und sobald das Ende der Liste erreicht ist, das
Auswahlverfahren wenigstens einmal neu vom Kopf der Liste beginnt, um weitere mobile Benutzer auszuwahlen.

Anordnung nach Anspruch 9, wobei die Anordnung in wenigstens einem Netzknoten des Funkkommunikationssys-
tems umgesetzt ist.

Anordnung nach Anspruch 14, wobei der wenigstens eine Netzknoten eine Funkbasisstation einschlief3t.

Revendications

Procédé de programmation de ressources multiutilisateurs dans un systeme de communication radio comprenant
une station de base radio, RBS, avec des capacités de faisceaux étroits et un contréleur de réseau radio, RNC,
dans lequel ledit procédé est basé sur la sélection de multiples utilisateurs de mobiles a programmer pour un service
utilisant de multiples faisceaux d’antenne étroits au cours d’un intervalle de temps de transmission prédéterminé et
dans lequel ledit procédé comprend les étapes suivantes exécutées dans la RBS ou dans le RNC ou en mode
réparti entre la RBS et le RNC, le procédé consistant a :

choisir (S1), pour chaque faisceau d’antenne d’au moins un sous-ensemble desdits multiples faisceaux d’an-
tenne, au moins deux utilisateurs de mobiles pour un service utilisant le faisceau d’antenne respectif au cours
dudit intervalle de temps de transmission ; et

distribuer (S2) des ressources d’énergie aux faisceaux d’antenne pour une utilisation au cours dudit intervalle
detemps de transmission surlabase del'équilibre des ressources d’énergie entre différents faisceaux d’antenne,
dans lequel lesdits faisceaux d’antenne étroits se chevauchent partiellement et le procédé étant caractérisé
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en ce que ladite étape de distribution de ressources d’énergie aux faisceaux d’antenne comprend I'étape
d’affectation, lorsqu’il n’y a pas d'utilisateurs de mobiles actifs dans un faisceau donné, de plus de ressources
d’énergie aux faisceaux d’antenne qui sontdes voisins immédiats du faisceau d’antenne donné que de faisceaux
d’antenne plus distants pour équilibrer la distribution de ressources d’énergie sur la totalité de la zone couverte
par la cellule.

Procédé selon la revendication 1, dans lequel ladite étape de distribution de ressources d’énergie aux faisceaux
d’antenne vise a équilibrer les ressources d’énergie dans ledit intervalle de temps de transmission entre différents
faisceaux d’antenne.

Procédé selon la revendication 1, dans lequel ladite étape de distribution de ressources d’énergie aux faisceaux
d’antenne vise a équilibrer les ressources d’énergie prises en moyenne sur une période de plusieurs intervalles de
temps de transmission entre différents faisceaux d’antenne.

Procédé selon la revendication 1, dans lequel les ressources d’énergie sont distribuées entre les différents faisceaux
d’antenne pour lisser les niveaux d’interférence sur la totalité de la zone couverte par la cellule et réduire les
fluctuations d’interférence.

Procédé selon la revendication 1, dans lequel ladite étape de sélection comprend les étapes visant a fournir une
liste de rangement d'utilisateurs de mobiles dans une cellule et, en méme temps, a garder trace des informations
spatiales représentées par le faisceau d’antenne étroit dans lequel chaque utilisateur de mobile est situé.

Procédé selon la revendication 1, dans lequel ladite étape de sélection comprend les étapes visant a choisir un
utilisateur de mobile mieux rangé dans la liste de rangement pour un service par un faisceau d’antenne étroit donné
et a parcourir ensuite la liste de rangement pour choisir les utilisateurs suivants non seulement en observant la
position dans la liste de rangement, mais également en considérant les informations spatiales de sorte qu’un utili-
sateur suivant dans le sens descendant de la liste soit situé dans un autre faisceau d’antenne étroit différent de
celui du ou des utilisateurs précédemment choisis plus haut dans la liste de rangement et, une fois que la fin de la
liste est atteinte, la procédure de sélection redémarre au moins une fois depuis le sommet de la liste pour choisir
d’autres utilisateurs de mobiles.

Procédé selon la revendication 1, dans lequel lesdites étapes de sélection et de distribution sont effectuées pour
chaque intervalle de temps de transmission.

Procédé selon la revendication 1, dans lequel au moins un utilisateur est associé a un certain nombre de différents
services et ces services sont programmeés sur la base de I'équilibre des ressources d’énergie entre différents
faisceaux d’antenne de sorte que le nombre et/ou les types de services qui sont programmés pour ledit au moins
un utilisateur varient au fil du temps en fonction des ressources disponibles.

Aménagement pour utilisateur dans un systéme de communication radio cellulaire comprenant une station de base
radio, RBS, et un contréleur de réseau radio, RNC, ledit aménagement ayant des moyens (10, 20, 30) pour générer
de multiples faisceaux d’antenne associés a une cellule de communication, chaque faisceau ne couvrant qu’une
portion de la cellule, et des moyens pour choisir de multiples utilisateurs de mobiles a programmer pour un service
utilisant de multiples faisceaux d’antenne au cours d’un intervalle de temps de transmission prédéterminé,
comprenant, dans la RBS ou dans le RNC ou encore répartis entre la RBS et le RNC :

des moyens pour choisir, pour chaque faisceau d’antenne d’au moins un sous-ensemble desdits multiples faisceaux
d’antenne, au moins deux utilisateurs de mobiles pour un service utilisant le faisceau d’antenne respectif au cours
dudit intervalle de temps de transmission ; et

des moyens pourdistribuer des ressources d’énergie aux faisceaux d’antenne pour utilisation au cours duditintervalle
de temps de transmission sur la base de I'équilibre des ressources d’énergie entre différents faisceaux d’antenne,
dans lequel lesdits faisceaux d’antenne étroits se chevauchent partiellement et 'aménagement étant caractérisé
en ce que lesdits moyens de distribution des ressources d’énergie aux faisceaux d’antenne comprennent des
moyens pour affecter, lorsqu’il n’y a pas d'utilisateurs de mobiles actifs dans un faisceau donné, plus de ressources
d’énergie aux faisceaux d’antenne qui sont des voisins immédiats du faisceau d’antenne donné qu’aux faisceaux
d’antenne plus distants pour équilibrer la distribution des ressources d’énergie sur la totalité de la zone couverte
par la cellule.

10. Aménagement selon la revendication 9, dans lequel lesdits moyens de distribution de ressources d’énergie aux
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faisceaux d’antenne sont a méme d’équilibrer les ressources d’énergie dans ledit intervalle de temps de transmission
entre différents faisceaux d’antenne.

Aménagement selon la revendication 9, dans lequel lesdits moyens de distribution de ressources d’énergie aux
faisceaux d’antenne sont a méme d’équilibrer les ressources d’énergie prises en moyenne sur une période de
plusieurs intervalles de temps de transmission entre différents faisceaux d’antenne.

Aménagement selon la revendication 9, dans lequel lesdits moyens de sélection comprennent des moyens pour
fournir une liste de rangement d’utilisateurs de mobiles dans une cellule et pour garder trace d’'informations spatiales
représentées par le faisceau d’antenne étroit dans lequel chaque utilisateur de mobile est situé.

Aménagement selon larevendication 9, dans lequel lesdits moyens de sélection sont a méme de choisir un utilisateur
de mobile mieux rangé dans la liste de rangement pour un service par un faisceau d’antenne étroit donné et a
parcourir ensuite la liste de rangement pour choisir les utilisateurs suivants non seulement en observant la position
dans la liste de rangement, mais également en considérant les informations spatiales de sorte qu’un utilisateur
suivant dans le sens descendant de la liste soit situé dans un autre faisceau d’antenne étroit différent de celui du
ou des utilisateurs précédemment choisis plus haut dans la liste de rangement et, une fois que la fin de la liste est
atteinte, redémarrer la procédure de sélection au moins une fois depuis le sommet de la liste pour choisir d’autres
utilisateurs de mobiles.

Aménagement selon la revendication 9, dans lequel ledit aménagement est mis en oeuvre dans au moins un noeud
de réseau dudit systeme de communication radio.

Aménagement selon la revendication 14, dans lequel ledit au moins un noeud de réseau comprend une station de
base radio.
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